Background: Addressing evidence-practice gaps in primary care remains a significant public health challenge and is likely to require action at different levels of the health system. Whilst Continuous Quality Improvement (CQI) is associated with improvements in overall delivery, little is known about delivery of different types of care processes, and their relative improvement during CQI. Methods: We used data from over 15,000 clinical audit records of clients with Type 2 diabetes collected as part of a wide-scale CQI program implemented between 2005 and 2014 in 162 Aboriginal and Torres Strait Islander health centres. We abstracted data from clinical records on 15 service items recommended in clinical guidelines and categorised these items into five modes of care on the basis of the mechanism through which care is delivered: laboratory tests; generalist-delivered physical checks; specialist-delivered checks; education/counselling for nutrition and physical activity and education/counselling for high risk substance use. We calculated delivery for each patient for each of mode of care by determining the proportion of recommended services delivered for that mode. We used multilevel regression models to quantify variation attributable to health centre or client level factors and to identify factors associated with greater adherence to clinical guidelines for each mode of care. Results: Clients on average received 43 to 60 % of recommended care in 2005/6. Different modes of care showed different patterns of improvement. Generalist-delivered physical checks (delivered by a non-specialist) showed a steady year on year increase, delivery of laboratory tests showed improvement only in the later years of the study, and delivery of counselling/education interventions showed early improvement which then plateaued. Health centres participating in CQI had increased odds of top quartile service delivery for all modes compared to baseline, but effects differed by mode. Health centre factors explained 20-52 % of the variation across jurisdictions and health centres for different modes of care. Conclusions: Levels of adherence to clinical guidelines and patterns of improvement during participation in a CQI program differed for different modes of care. Policy and funding decisions may have had important effects on the level and nature of improvements achieved.
Background
The optimal delivery of evidence based practice in chronic disease management is challenging in primary health care (PHC) and evidence-practice gaps have been documented in PHC systems internationally. PHC delivery for Aboriginal and Torres Strait Islander people with chronic disease follows this pattern, but little is known about how to design and target interventions to achieve system-wide population level improvement in chronic disease outcomes. We have previously reported overall improvements in delivery of Type 2 diabetes services to Aboriginal and Torres Strait Islander communities during health centre participation in a wide-scale Continuous Quality Improvement (CQI) program, with duration of CQI participation associated with higher overall service delivery [1] .
Whilst overall measures of service delivery provide a summary of the evidence-practice gap across the scope of recommended services, they lack the granularity needed to identify the range and nature of potential system-wide solutions to problems of care quality [2] . McGlynn and colleagues [2] have suggested that understanding performance in relation to how care is delivered, for example, distinguishing between care processes that are delivered through laboratory tests, physical checks, prescription of medications, and so on, may provide insight into the kinds of higher level system changes needed to improve quality. The assumption is that care processes delivered through different mechanisms (referred to as 'modes of care' [2] ) have differing system requirements. With increasing availability of data on PHC performance internationally, it is timely to explore the utility and robustness of different forms of data disaggregation and analysis to support system improvement.
A range of health centre and individual level factors contribute to explaining variation in the overall quality of care received by clients attending PHC services [1, 3, 4] . Do the same factors explain variation for different categories of care processes, or do different factors come into play depending on the mechanisms through which care is delivered? Drawing on data available from 9 years of implementation of a wide-scale CQI program in Aboriginal and Torres Strait Islander PHC, and with a focus on patients with Type 2 diabetes, this study explores the variation and extent of improvement of five different modes of care over time. Specifically we address several unanswered questions:
How much variation is there in delivery of care according to mode? Do all modes of care improve over time and with duration of participation in CQI? Do the same health centre and individual client characteristics that influence improvements overall, and in one mode of care, similarly influence improvements in other modes?
This paper contributes to efforts to interpret and use aggregate CQI data to identify which aspects of the health system need strengthening to support improved service delivery.
Methods

Study context and design
This is an analysis of longitudinal data derived from use of standard clinical audit tools and protocols (including sampling processes) from health centres participating in a wide scale CQI program that has been operating in Aboriginal and Torres Strait Islander PHC settings for over a decade.
Aboriginal and Torres Strait Islander people in Australia access PHC in three major services sectors: Aboriginal community controlled health services, state and territory funded/operated health services, and general practice. Aboriginal community controlled health centres, and state and territory funded/operated centres, and their service populations are the setting for this project. These health centres provide PHC predominantly, although not exclusively to Aboriginal and Torres Strait Islander people. They are at the forefront of providing PHC to Aboriginal and Torres Strait Islander communities particularly in rural and remote settings where there are relatively few medical practitioners. Health centres range in size from small service centres (where in some cases the regular staff consists of only a single nurse, with other staff providing services through regular visits), through to large centres staffed by a range of health professionals. In this context, a wide-scale CQI initiative, "the ABCD CQI project", employs a systems approach to improving PHC delivery through evidencebased clinical audit and systems assessment tools and processes. The project was developed through participatory action research approaches, commencing with 12 remote health centres in the Northern Territory in 2002, expanding to around 220 health centres across five jurisdictions by September 2014 (with 175 involved in research activities).
At the health centre level, centres participating in the ABCD CQI project conduct annual audits of their care quality using standardised tools and audit processes developed for this purpose. Participating centres have access to a web-based platform, which provides realtime analysis of their audit data, automated reporting, and ability to compare their services with other deidentified services. These functions are supported by a not-for-profit service agency, One21seventy [5] and integrated into support provided by CQI facilitators in some jurisdictions. At the regional and national level, the ABCD National Research Partnership (2010-2014) provides mechanisms for health centre and service managers, service providers and policy makers to articulate their priorities related to the research component of the project, and contribute to interpretation of aggregate CQI data with the aim of identifying factors underlying regional and national variation in quality of care.
A suite of tools is available through the project, covering different aspects of PHC service delivery, including vascular and metabolic disease, maternal and child health, preventive health, mental health, and health promotion. This study focused on services provided to patients with Type 2 diabetes.
Data sources
One hundred and sixty two health centres participating in the ABCD project were included in the study. These were all the participating health centres that had conducted clinical audits of patients with diagnosed Type 2 diabetes between July 2005 and September 2014, using the ABCD/One21seventy audit tools and processes. Owing to the continued incremental engagement in the project, there are more health centres and patients included in this analysis compared to our previously published longitudinal analysis [1] that included data collected to the end of 2012. Eligible clients are those aged 16 years and older with a documented diagnosis of Type 2 diabetes who have lived in the community serviced by the health centre for a minimum of 6 of the preceding 12 months. For health services with more than 30 eligible clients, the protocol recommends and provides guidance for health centres to draw a sufficient number of records to achieve a precision of 90 or 95 % confidence of the sample representing the population [5] . Where health services have 30 or fewer clients meeting eligibility criteria, records of all eligible clients are audited. This sampling approach yielded a total sample of 15 622 audited records available for analysis.
Measures
To assess Type 2 diabetes service delivery, the study measured 15 service items from best practice guidelines across the states and territories [6] [7] [8] (Table 1) . We classified the service items according to the mode of delivery: laboratory tests; generalist physical checks (those typically delivered by members of the primary health care team); specialist-delivered checks (including retinal checks typically delivered by an optometrist or ophthalmologist and foot checks delivered by a podiatrist); counselling for risk factors (nutrition and physical exercise), and counselling for tobacco or alcohol use (for known high risk users of tobacco and alcohol). The classification of service items into relevant categories was done in consultation with service providers and policy makers during bi-annual meetings held as part of the ABCD National Research Partnership project. There was some modification in initial categories proposed, reflecting service providers' and managers' perspectives of the system requirements for delivery of the service items. Recommendations included separating specialist-delivered service items from those items delivered by the PHC team, and separating counselling type interventions that focused on high risk substance users, from counselling type interventions to address nutrition and physical activity.
Health centre characteristics included duration of participation in the ABCD CQI projects, size of population served, governance (whether community controlled or government operated) and location (remote or nonremote). For each health centre, we calculated the proportion of diabetes patients who had not attended in the 6 months prior to audit and created a binary variable using a cut off at the 75 th percentile. At the patient level, demographic characteristics (sex, age, Indigenous status) were extracted from clinical records. Documented chronic health conditions (diabetes, hypertension, chronic heart disease and chronic kidney disease) were recorded as present or absent and the number of co-morbidities was calculated by summing the record of presence of each condition. 
Analysis
We used STATA software, V.13 for statistical analysis.
Composite scores for each mode of care for each patient were calculated by dividing the sum of the services delivered by the number of services for which that person was eligible. Table 1 provides a list of the service items used to construct the composite scores for each mode of care. Composite scores were then aggregated for each health centre ("aggregate scores"). At the health centre level, a mean adherence to delivery of recommended services in a given health service represented an overall performance score for that health centre for that mode of care in a given audit cycle. Each aggregate score was converted into a binary variable that categorized 'higher' performance as being within the top quartile (75-100 %) of delivery across all health centres measured at baseline for that mode of care. 'Lower performance' was categorised as being below the top quartile. We used multi-level mixed effects logistic regression models to quantify the variation in service delivery separately for each mode of care. These models allowed for Duration of participation in ABCD CQI <1 year 0 9 (13) 14 (20) 2 (25) 3 (21) 28 (17) 1-2 years 0 27 (42) 32 (46) 5 (63) 7 (50) 71 (44) 3 or more years 6 (100) 29 (45) 23 (33) 1 (12) 4 (29) 63 (39) the hierarchical structure of the data (patients nested within health centres, nested within jurisdictions). We calculated crude odds ratios to measure the unadjusted association between each mode of care and health service and client characteristics. Potential interactions were checked for significance, and significant interaction terms included in the adjusted models as explained below. We adopted a stepwise modelling strategy starting with Model A that included the audit year variable only, to test the influence of jurisdictions and health centres and then patient level variables (Model C) from the unadjusted analyses were introduced into the empty model. The reduction in variance due to the stepwise introduction of the different variables in the models was determined by the proportional change in variance (PCV) at different levels. The PCV provides an estimate of the extent to which health centre level factors and individual patient characteristics may explain individual differences in propensity for better delivery of health care [8, 9] We calculated median odds ratios (MORs) to help interpret variance in the odds ratio scale. The MOR describes the increased (median) probability of receiving 'a high proportion of recommended care processes if a patient was to change health centre (or jurisdiction) [10] . If the MOR was equal to 1, there would be no difference between health centres in their probability of adhering to the recommended care processes. If there were important differences between health centres, the MOR would be large. The accuracy of the variance estimates was evaluated by their standard error (SE). A p-value <0.05 was considered significant. 
Results
Of the 162 participating health centres with available diabetes audit data, 73 % were located in remote areas, 46 % had a service population of 500 or fewer, and 39 % had participated in the ABCD CQI project for three or more years (Table 2) . In all jurisdictions, on average, over 90 % of clients audited had attended the health centre within the previous 6 months. From these health centres, records of 15,622 clients with a diagnosis of Type 2 diabetes were audited between 1 July 2005 and September 2014 (Table 3) . For analysis purposes, audits conducted at the start of the project in 2005 (315 audits from 12 health centres) were merged into the 2006 audit year. The mean age of clients was 53 years and 57 % were women. Over 90 % of records from the Northern Territory, Western Australia and South Australia were for Aboriginal or Torres Strait Islander people, compared to 76 % in Queensland and 55 % in Far West New South Wales. Around 16 % of clients had one or more diabetes complications, and 35 % (n = 5476) were recorded as having high risk tobacco or alcohol use.
The mean percent delivery across health centres for different modes of care in 2005/6 ranged from 43 % for generalist physical checks to 60 % for laboratory tests (Fig. 1) . Wide variation in delivery of each mode of care was evident across all health centres within an audit year and over time (Fig. 1) . The mean percent delivery of all modes of care with the exception of specialist-delivered checks was higher in 2014 than in 2005/6.
The unadjusted logistic regression analysis results (Table 4) show strong effects of audit year for some modes of care, but not for others. For generalist physical checks there was a steady increase in the odds of health (Table 4) . There were modest effects of audit year evident for laboratory tests and for counselling/education modes of care, with no consistent pattern of increase in effect sizes in later audit years relative to 2005/6 for these measures. For laboratory tests, the first audit year in which health centres had an increased odds of being within the top quartile of performance compared to2005/6, was in 2010, with increasing effect sizes in years following 2011 in the unadjusted analysis. For counselling/education modes of care, health centres had approximately 2-3 times the odds of being within the top quartile of performance in 2007 compared to baseline, but odds did not increase in subsequent years. Differences in service delivery in audit years relative to 2005/6 diminished after adjusting for health centre and client level factors, including duration of participation in CQI, but were still significant (Tables 8 and 9 , Models B and C). Delivery of specialist delivered checks in later audit years did not differ significantly from 2005/6 levels in the adjusted models (Tables 4 and 7) . We did not conduct formal statistical tests of trends over time.
The PCV in Model B (Tables 5, 6 , 7, 8 and 9) shows that the addition of health centre factors explained 52, 30, 34, 21 and 20 % of the variation across jurisdictions and health centres for laboratory tests, generalist physical checks, specialist-delivered checks, counselling/education for nutrition and physical activity and counselling/education for high risk substance use respectively.
Health centre factors significantly associated with higher delivery were broadly similar across the modes of care. The unadjusted analyses showed that health centres with longer duration of participation in CQI had better odds of being within the top quartile for all modes of care. There was an interaction between health centre duration of participation in CQI and location (remote/ non-remotely located). Inclusion of the interaction terms in the adjusted models showed that for laboratory tests, longer duration of participation in CQI was associated with higher delivery for remote health centres, but not for non-remote centres (Table 5 ). For the other modes of care, effects of CQI were evident for both remote and non-remote centres, but stronger effects were evident for remote centres across most of the modes (Tables 6, 7 and 9). Delivery of generalist physical checks was the only mode of care that showed consistent improvement with longer duration of CQI beyond 3 cycles of participation, for remote and non-remote health centres. Health centres with a higher proportion of patients that attended within the 6 months prior to audit had better odds of being within the top quartile for all modes of care except for delivery of counselling/education for high risk substance use.
The addition of patient level factors in Model C had modest effects, accounting for less than 1-2 % of the variation in service delivery across health centres and jurisdictions. Patient age, level of co-morbidity and number of disease complications were significantly associated with improved delivery across most modes of care (Tables 5, 6 , 7, 8 and 9). Aboriginal and Torres Strait Islander identified patients were more likely to receive generalist physical checks than non-Aboriginal patients (Table 6 ), but this characteristic was not associated with increased odds of being within the top quartile of delivery for any other mode of care.
Discussion
Our study found wide variation between health centres in delivery of different modes of care and different patterns of improvement over time. Very few previous studies have been able to examine service delivery over several years of participation in a CQI program as we have done in this study. In our study, health centres with longer participation in CQI had increased odds of being within the top quartile of delivery for all modes of care, and we echo the point made in our previous paper [1] that sustained commitment to CQI is required to realise and demonstrate improvement. Different trajectories of improvement during CQI participation for the different modes of care suggest areas where higher level system development may be required to achieve large scale change. In the present study, the effect of audit year on service delivery was particularly marked for generalist physical checks relative to other modes of care. The inclusion of health centre level factors, including duration of participation in CQI moderated the effect of audit year, but associations between audit year and service delivery remained significant for this mode of care. We note the existence during this period of a range of system-wide initiatives to increase the uptake of Medicare reimbursed adult health assessments for Aboriginal and Torres Strait Islander adults (first introduced in 2004), including simplification of claiming processes for these checks, and additional workforce and other incentives that promoted their uptake [10, 11] The strong effect of audit year for delivery of generalist physical checks, relative to the other measures, and the higher delivery evident for Aboriginal and Torres Strait Islander clients, suggests that workforce and other initiatives in the broader system that promoted uptake of adult health assessments for Aboriginal and Torres Strait Islander adults may have contributed to the strong increase in delivery of generalist physical checks evident amongst the patients with Type 2 diabetes in our study.
Our findings in relation to the continued evidencepractice gaps evident for delivery of specialist-delivered checks in this large dataset raises questions about the extent to which recent initiatives to improve Aboriginal and Torres Strait Islander peoples' access to specialists through PHC are integrated into PHC delivery and record-keeping systems and reaching those who need them. Although health centres with longer duration of CQI had higher odds of being in the top quartile of delivery for specialist-delivered checks, this is relative to a general low overall delivery in this area. To achieve improvements in delivery, health centres need access to specialists for their patients when and where required-this needs evidence-informed action at higher levels of the system, and a learning orientation to policy development and implementation. At the minimum, solutions to improve delivery of specialist checks in the Aboriginal and Torres Strait Islander PHC context are likely to include a greater focus on improved integration of visiting services into PHC delivery systems-this may for example, include placing greater emphasis on active training of PHC staff by visiting Podiatrists, so that the PHC team can routinely check feet and identify problems, ensuring greater co-ordination and integration of the multiple eye health initiatives underway in Aboriginal and Torres Strait Islander communities, and ensuring that tele-health services, if provided, are appropriately documented in health centre records.
The effect of audit year on delivery of laboratory tests was inconsistent for different audit years relative to baseline, and our study which was not designed to test for time effects, does not allow definitive explanation. In the unadjusted analysis, increased odds of higher service delivery relative to baseline were evident for audit years from 2010 onwards. During the period of the study, there was increasing emphasis on providing point-of-care pathology testing as a way to overcome the challenges of providing pathology services to remote communities-with at least one new wide-scale point-of-care initiative implemented in Aboriginal and Torres Strait Islander medical services during the latter years of our study [12] . The finding that delivery of laboratory tests improved with participation in CQI in remote but not in non-remote health centres may reflect relatively greater use of multiple service providers in non-remote areas, and/ or a relatively greater emphasis on using point-of-care pathology testing in remote areas. The finding that our models were only able to explain a relatively small proportion of the variation between health centres in delivery of counselling and education for nutrition and physical activity and for high risk substance use (21 and 20 % respectively) may indicate a greater influence of factors not accounted for in our study in relation to these modes of care. For example, in relation to these more 'non-technical' modes of care, factors such as composition of PHC teams, allocation of work, and different policies and practices in relation to documentation of these care processes may be relatively more important than for some of the more technical or medical aspects of care where a larger proportion of variation was explained by the models. One of the few previous multi-level studies examining variation in delivery of interventions for lifestyle risk factors in PHC [13] explained over 80 % of variance between providers, noting that the team in which the providers worked and beliefs about perceived effectiveness and accessibility of support services, were most important in determining delivery of counselling/education type interventions in relation to lifestyle risk factors. Our study did not measure factors such as team composition and accessibility of support services. Previous research conducted in a relatively well-resourced remote health centre in the Northern Territory estimated that funding levels were inadequate for delivery of the full scope of services scheduled in guidelines for people with type 2 diabetes and chronic kidney disease in this community [14] -in a context of under-funding for implementing all best practice guidelines for chronic illness care, it may be that health centres prioritise which types of care processes they offer to clients with chronic disease.
Particular strengths of our study were the measurement of a broad range of service delivery indicators based on best practice clinical guidelines over a number of years of CQI implementation, the ability to correct for a range of confounding factors, and the ability to consider the effects of audit year alongside, and independent of the effects of CQI participation (owing to differing time periods of enrolment in the study). There were also a number of limitations. Health centres were not randomly selected and their participation in the project was on a voluntary basis, which limits generalizability of the findings. In particular, there were fewer health centres included in 2014 compared to other years. Our data on delivery of care processes were obtained from clinical records, which may underestimate service delivery due to under-documentation-and we recognise that the extent of documentation may differ systematically by mode of care. However, given that delivering services to patients with chronic illness is a periodic and on-going process involving multiple service providers, accurate and clear documentation of services delivered is a critical aspect of quality.
Conclusions
The findings of this study, showing different levels of delivery and patterns of improvement for different modes of care over time, suggest that achieving large scale improvement in all areas of recommended care is likely to require commitment to identifying evidence-practice gaps in different areas of care across different localities and using this evidence to inform action at various levels of the health system.
Our findings of an association between CQI participation and higher delivery for all modes of care suggests that CQI at health centre level has the potential to improve care delivery across the scope of services-but acting on its own, without higher level support, the effects achieved may remain modest and, for some modes of care, may not be sustained. Our findings are a reminder that actions at different levels of the system are likely to have an important influence on the nature and scale of improvements that are achieved.
Analysis of delivery of services based on how care is delivered shows promise for identifying areas of systems 
